1. Introduction {#sec1-dentistry-08-00026}
===============

Modern orthodontics is active in continuous research of non-invasive treatments, respecting human dental and biological characteristics \[[@B1-dentistry-08-00026]\], trying to reserve extraction methods in extreme cases \[[@B2-dentistry-08-00026]\], when the absence of space prevents the alignment of teeth. Teeth extractions may be reduced thanks to the use of equipment that increases the transverse and sagittal dimensions of the dental arches. Patients with class II malocclusion represent about 35% of cases in the American and European population \[[@B3-dentistry-08-00026]\]. Class II malocclusions have also been correlated to temporomandibular joint dysfunctions \[[@B4-dentistry-08-00026],[@B5-dentistry-08-00026]\] and wrong posture in children \[[@B6-dentistry-08-00026]\].

Class II malocclusion is given by a correlation of a sagittal relationship with mandibular retrognathia and/or maxillary protrusion of varying degrees and entities \[[@B7-dentistry-08-00026]\].

There are various types of equipment to treat this malocclusion, from functional therapy (applied in growing patients) to fixed mechanicals, correlated not only to the degree of musculoskeletal maturation of the patient \[[@B8-dentistry-08-00026]\], to the oral functional habits as oral breathing \[[@B9-dentistry-08-00026]\], but also to the psycho-social state of the patient and to their compliance \[[@B10-dentistry-08-00026],[@B11-dentistry-08-00026],[@B12-dentistry-08-00026]\].

Removable functional orthopaedic appliances are reserved for Class II treatment of growing patients with normal position and growth of the maxilla, and with mandibular retrusion, to be used during their circumpubertal growing stage \[[@B13-dentistry-08-00026],[@B14-dentistry-08-00026],[@B15-dentistry-08-00026]\] and who, in any case, show a good degree of therapy acceptance and therefore, collaboration.

The biological mechanism of these appliances is based on the anatomy of the temporomandibular joint (TMJ) and its development during the growing period. During that period, the TMJ area has been observed to be a reactive growth site. In particular, during the period of mixed dentition, TMJ is affected by a considerable amount of growth and adaptation, which can correct the jaws relationships thanks to an interceptive functional orthodontic treatment \[[@B16-dentistry-08-00026],[@B17-dentistry-08-00026]\].

When the class II malocclusion is due to mandibular skeletal retrusion, the literature agrees that it is appropriate to address the problem with a treatment that stimulates mandibular growth. There is a good range of functional devices to stimulate the "forward postural growth" of the jaw, both removable (the Fraenkel II, the Bionator, and the Twin Block appliances are among the most used) and fixed devices (the Forsus Fatigue Resistant appliance, the Herbst appliance, the Jusper Jumper appliance, and the Carriere Motion 3D appliance are among the most used). No-compliant fixed appliances are anchored to distal parties of maxillary arch and to mesial parties of mandibular arch \[[@B10-dentistry-08-00026],[@B11-dentistry-08-00026],[@B12-dentistry-08-00026]\] and can be also anchored to miniscrews to minimize their effect on anchoring teeth \[[@B18-dentistry-08-00026]\]. Cozza and Baccetti reviewed 704 articles, published in international journals from January 1966 to January 2005 \[[@B15-dentistry-08-00026]\]. That study found that the average functional coefficient for mandibular orthopaedic growth was 0.16 mm per month. From that study, it was evidently deduced that none of the analysed devices causes clinically significant mandibular growth change, because all the total increases of mandibular length are generally less than 2 mm during functional therapy. However, that study evidently clarified that the jaw progress with the functional treatment is a consequence of the biological reaction of the condylar cartilage, particularly reactive in the period of skeletal maturation (at the turn of the puberty peak of growth). During that period of skeletal maturation, the "forward postural mandibular growth" is the most effective strategy to correct class II malocclusion (with an average value of 5.1 mm). The interceptive treatment is based on a change in the mandibular postural position \[[@B19-dentistry-08-00026]\] that persists after the active treatment \[[@B20-dentistry-08-00026]\]. Forward mandibular positions have also been associated to a general improving of masticatory muscular function \[[@B21-dentistry-08-00026]\], and neck muscles \[[@B22-dentistry-08-00026]\], compared to a growth stimulated in the pre-pubescent or post-pubescent period. On the basis of these data, the diffusion of "forward postural mandibular growth" treatments for class II malocclusion can be confirmed due to retro-positioned mandible in growing subjects during the phase of skeletal maturation \[[@B23-dentistry-08-00026]\].

For class II patients with a normal position of the mandible and maxillary dento-skeletal class II malocclusion, even during the growing period, the molar distalization is a diffused strategy of treatment, to achieve a correction of the molar relationship. Molar distalization is also required in patients after the circumpubertal stage of growing, with class II malocclusions characterized by dento-skeletal protrusion of the upper dental arch and normal position of the lower arch. Molar distalization can be achieved with fixed no-compliant devices, that are often the same devices used for protruded maxillary arches. The Herbst appliance is a fixed appliance that allows the forward repositioning of the jaw, keeping it always present both with the mouth closed and open, allowing the correction of the discrepancy. The Distal Jet, the First Class, the Pendulum and the Carriere 3D motion are fixed only on the upper dental arch. The Jusper Jumper and the Forsus appliances are fixed to the distal part of the upper arch, and the mesial part of the lower arch. The Distal Jet and the First Class have the force anchored to a palatal button and to anterior teeth. The Distal Jet is based on two Ni-Ti coil springs that are positioned in the palatal side of the teeth, to be near the resistance centre of the teeth.

The First class has two coil springs in stainless steel that are positioned on the vestibular side of the molars, between the upper first molars and the first upper bicuspids. The Carries 3D motion is made by a bar that is anchored to the vestibular side of the upper first molar and the canine. The Pendulum appliance is anchored to the upper dental arch, and its distalization force is due to a wire toe. All these appliances can be used with the multibrackets device. Among distalizating appliances, there is also the EOT (Extra Oral Traction), a removable appliance, for which the therapeutic efficacy is directly related to the patient's degree of collaboration \[[@B24-dentistry-08-00026]\], both with the appliance management and the oral hygiene \[[@B25-dentistry-08-00026]\].

The aim of this review was to outline the effectiveness of fixed no-compliance orthodontic devices to obtain a molar distalization, and evaluate other related teeth movements.

2. Materials and Methods {#sec2-dentistry-08-00026}
========================

In the present literature review, an electronic search was carried out using EMBASE; Web of Science and Scopus. Moreover, Cochrane database and Google scholar were reviewed.

The P.I.C.O. question was to compare the "molar distalization" (primary outcome) measured in degrees or millimetres, and other teeth movements observed during the molar distalization (secondary outcome), obtained with various fixed no-compliance orthodontic devices (intervention), in a population of children/adolescents/adult subjects, who needed the upper first molar distalization for the correction of a class II relationship.

To identify records, the research strategy initially included 3 sets of mesh terms: records related to health conditions (the mesh term "class II malocclusion"), records relating to the intervention to be evaluated (the mesh term "no-compliance fixed therapy"), and records that identify the design of the study to be included. Since a pilot series of the strategy concerning the study design did not produce articles from any database, the present search was limited to the first 2 terms.

No language restriction was applied, nor any filter during the research.

The review was carried out following the P.R.I.S.M.A. declaration (Preferred Reporting Items for Systematic Review and Meta-analysis).

Inclusion criteria were

1.  Articles published between 2000 and 2019;

2.  Randomized controlled clinical trials were always included, because they probably contain evidence of acceptable quality;

3.  Prospective and retrospective studies were accepted only if they included more than 20 treated subjects per intervention group; and with comparisons with an untreated class II malocclusion group, and/or, alternatively, a treated class II malocclusion group;

4.  Case-reports were also evaluated, and included only if they showed the two basic terms.

Exclusion criteria were those reports that did not include data on the stability of treatment, for at least one year, regarding skeletal changes and/or soft tissue changes and/or dental and occlusal changes (preferably evaluated with an occlusal index); and also the gum health, the state of the temporomandibular joint or relative muscular activity; and/or the quality of life.

The flow chart of the study is reported in [Figure 1](#dentistry-08-00026-f001){ref-type="fig"}.

The selection of articles, the decisions on their admissibility, the classifications of studies, and data extraction were carried out independently and in duplicate by 2 operators, without blinding on the types of devices, or the obtained results. After the inclusion, the following information were recorded for each admitted study on a data collection form: the initials of the reviewer, the authors, the year of publication, the setting of the study, age and sex of the subjects, the design of the study, the definition of the criteria for malocclusion, the calculation sample size, the type and duration of treatment, the dropouts, the type of storage, the outcome measures, the assessment methods, the study of errors and, finally, the results of the study.

3. Results {#sec3-dentistry-08-00026}
==========

A total group of 38 articles met inclusion criteria, and were recruited for the critical exam.

Among them, 16 articles reported cephalometric data \[[@B10-dentistry-08-00026],[@B12-dentistry-08-00026],[@B26-dentistry-08-00026],[@B27-dentistry-08-00026],[@B28-dentistry-08-00026],[@B29-dentistry-08-00026],[@B30-dentistry-08-00026],[@B31-dentistry-08-00026],[@B32-dentistry-08-00026],[@B33-dentistry-08-00026],[@B34-dentistry-08-00026],[@B35-dentistry-08-00026],[@B36-dentistry-08-00026],[@B37-dentistry-08-00026],[@B38-dentistry-08-00026],[@B39-dentistry-08-00026]\].

The flow chart of the research strategy is represented in [Figure 1](#dentistry-08-00026-f001){ref-type="fig"}.

The quality analysis of the included studies gave acceptable results. All the included studies described a method error analysis to evaluate the intra-examiner method error, and in some cases, the inter-examiners method error that resulted was always acceptable, with a minimization of the bias associated to the calculation of values. Analyses of bias showed that none of the studies used random sequence generation, blinded participants and personnel or used blinding of outcome assessments.

As the primary outcome of the present review was to compare the effectiveness of fixed no-compliance orthodontic devices to obtain the molar distalization, this effect, together with other teeth movements (considered as secondary outcome) are presented in the [Table 1](#dentistry-08-00026-t001){ref-type="table"} for a total number of 2240 of patients (1101 males and 1139 females), with start age of therapy of 10.9 years +/− 2.9 months.

The upper first molar (U6) distalization was found with an average value of 3.14 mm, with a maximum value for the Pendulum appliance (5.4 mm) and a minimum value for the Forsus appliance and the Herbst appliances (1.45 mm).

The disto-inclination of U6 was on average of 8.34 degrees, with a maximum value for the Forsus appliance (23.92 degrees), and a minimum value for the Pendulum K appliance (3.36 degrees).

About the anchorage to the other teeth (secondary outcome), the following data were recorded from the considered sample.

The mesialization of the lower first incisive (L1) showed an average value of 2.16 mm, with a maximum value for the Forsus appliance and the Carriere appliance (2.3 mm), and a minimum value for the Herbst appliance (1.85 mm). The Forsus appliance and the Herbst appliances also determined a vestibular-inclination of L1 (of 9.29 degrees, and 5.95 degrees, respectively).

The mesialization of the lower first molar (L6) showed an average value of 2.1 mm, with a maximum value for the Carriere appliance (2.7 mm) and a minimum value for the Herbst appliance (1.5 mm), with a mesial-version of 3.03 degrees at mean, with a maximum for the Carriere appliance (4.15 degrees) and a minimum value for the Herbst appliance (1.7 degrees).

4. Discussion {#sec4-dentistry-08-00026}
=============

In order to obtain a molar distalization, the orthodontic technology, in recent years, has proposed various no-compliance fixed orthodontic devices, whose effect is to distalize the maxillary molars. Appliances such as the Pendulum, the Distal Jet, the First class, the Carriere Motion are among the most used, with a minimal variability of molar distalization and disto-inclination, as deduced from the present literature review ([Table 1](#dentistry-08-00026-t001){ref-type="table"}). The present data confirm the validity of the approach based on these appliances.

Effects of different entity were observed with regards to the anchorage of the other teeth.

Some differences were observed in the anchorage, among the devices that adopt a resin palatal button as an anchor, and the devices that do not include it ([Table 1](#dentistry-08-00026-t001){ref-type="table"}). The different design of the devices could influence their effect on the anchoring teeth. Where the palatal button is present, for example, the anchoring of the upper anterior teeth can be improved. As seen in [Table 1](#dentistry-08-00026-t001){ref-type="table"}, the Distal Jet, the Pendulum, and the First class appliances showed U5 mesialization, and U1 vestibular version. While, the Forsus, the Herbst and the Carriere appliances showed U1 lingual version, and, in the lower dental arch, L6 mesialization, and L1 vestibular version. Analogue differences were also observed for the angular movements ([Table 1](#dentistry-08-00026-t001){ref-type="table"})

The present data can be compared with other studies that are based on an adult sample.

In a sample of 33 adult patients, Cozzani et al., without considering the adopted therapy, reported that a U6 distalization of 2.9 +/− 0.6 mm at mean, lower than the present data (3.14 mm at mean), allows to solve the class II molar relationship in about 64% of patients \[[@B40-dentistry-08-00026]\].

A similar finding was also reported for the 21 adult patients treated by Ravera and Castroflorio with clear aligners, where the values of U6 distalization of 2.25 mm at mean was reported, without significant any extrusion of the same tooth \[[@B36-dentistry-08-00026]\] and more recently, from Caruso et al. \[[@B41-dentistry-08-00026]\]

For some of the considered appliances, there are also data concerning their acceptance by patients, as for example for the Forsus appliance \[[@B38-dentistry-08-00026]\], and for the Carrier 3D Motion appliance \[[@B42-dentistry-08-00026]\]. The following considerations are generally derived from these studies: the great part of patients report a difficulty to eat soon after positioning the fixed device, improving with time. Sleep and personal appearance were sometime negative with each of the considered fixed devices. Regarding the side effects (toothache, wide opening difficulties, aching jaws, difficulty in keeping the device clean, soreness on the lip/cheek by rubbing), no significant difference was reported among the various devices, except for the pain of rubbing and drooling, worse with the Forsus appliance. The great part of subjects reported that the appliances had no effect on school work and their relationships with family and friends. Both musical activities and sports activities were not influenced by the appliances. The breakdown of the device, which required an extra visit from the orthodontist, occurred more frequently for the Forsus appliance.

On the basis of the articles analysed in the present review, it can be confirmed that the trend of the past twenty years was to use no-compliance fixed appliances for molar distalization in cases of non-extractive treatments of Class II malocclusion after the pubertal stage.

5. Conclusions {#sec5-dentistry-08-00026}
==============

The literature from the past twenty years shows various no-compliance fixed devices, whose effect is to distalize the upper maxillary molars. From the data in the literature, it can be deduced that there is a fair number of devices available to clinicians. However, the low number of studies for some more recent devices does not allow an adequate statistical comparison among the devices. The present revision allows to hypothize that these appliances act with a minimal variability of molar distalization and disto-inclination among them, although different effects among the appliances can be observed as regards to the anchorage. However, there is a need to increase the number of studies especially with regard to the most recently introduced devices in the literature.
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###### 

Results of the various appliances.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                       Distal Jet                         Pendulum                              Pendulum K                         Pendulum BaPa                      First Class (Leone)       Forsus Appliance                  Herbst Appliance   Carriere Appliance
  ------------------------------------ ---------------------------------- ------------------------------------- ---------------------------------- ---------------------------------- ------------------------- --------------------------------- ------------------ -------------------------------
  U6 distalization\                    1.9/3.7 \[26,33,34,35\]            4 \[26,28,29,30,35\] (on average)     4 \[26,28,29,31\] (on average)     5.4 \[26,28,29,31\] (on average)   4 \[40\] (on average)     1.45 \[10,38,40\] (on average)    0.2/2.7 \[27\]     1.6/2.5 \[37,39,42\]
  (mm)                                                                                                                                                                                                                                                               

  U6 tip distal (degree)               3.1/7.3 \[26,33,34,35\]            6 \[26,28,29,30,35\] (on average)     −0.83/+5.89 \[26,28,29,31\]        \-                                 4.6 \[40\] (on average)   23.92 \[10,38,40\] (on average)   5.3/7.9 \[27\]     0.2/3.7 \[37,39,42\]

  L6\                                  \-                                 \-                                    \-                                 \-                                 \-                        1.7/2.4 \[10,38,40\]              1.3/1.7 \[27\]     0.9/3.1 \[37,39,42\]
  Mesialization (mm)                                                                                                                                                                                                                                                 

  L6 mesioinclination (degree)         \-                                 \-                                    \-                                 \-                                 \-                        1.9/4.6 \[10,38,40\]              1.2/2.2 \[27\]     2.2/6.1 \[37,39,42\]

  U1 lingual version (mm)              \-                                                                       \-                                 \-                                 \-                        3.16 \[10,38,40\] (on average)    1.1/2.3 \[27\]     0.6/2.4 \[37,39,42\]

  U1 lingual inclination (degree)      \-                                 \-                                    \-                                 \-                                 \-                        8.94 \[10,38,40\] (on average)    7.5/9.6 \[27\]     5.4/6.8 \[37,39,42\]

  L1 vestibule version (mm)            \-                                 \-                                    \-                                 \-                                 \-                        2.34 \[10,38,40\] (on average)    1.3/2.4 \[27\]     1.9/2.7 \[37,39,42\]

  L1 vestibular inclination (degree)   \-                                 \-                                    \-                                 \-                                 \-                        9.29 \[10,38,40\] (on average)    3.6/8.3 \[27\]     6.3 \[37,39,42\] (on average)

  U5 mesialization (mm)                0.4/3 \[26,33,34,35\]              1 \[26,28,29,30,35\] (on average)     1 \[26,28,29,31\] (on average)     \-                                 1.7 \[40\] (on average)   \-                                \-                 \-

  U6 mesial space (mm)                 2.3/6.7 \[26,33,34,35\]            5 \[26,28,29,30,35\] (on average)     5 \[26,28,29,31\] (on average)     5.4 \[26,28,29,31\] (on average)   5.7 \[40\] (on average)   \-                                \-                 \-

  U1 vestibular version (mm)           1.7 \[26,33,34,35\] (on average)   1.6 \[26,28,29,30,35\] (on average)   0.8 \[26,28,29,31\] (on average)   \-                                 0.9 \[40\] (on average)   \-                                \-                 \-

  U5 distalization (mm)                \-                                 \-                                    \-                                 3.8 \[26,28,29,31\] (on average)   \-                        \-                                \-                 \-

  U1 vestibular inclination (degree)   \-                                 \-                                    \-                                 \-                                 2.6 \[40\] (on average)   \-                                \-                 \-

  U1 anchor loss (mm)                  \-                                 \-                                    \-                                 0 \[26,28,29,31\] (on average)     \-                        \-                                \-                 \-

  U6 = upper first molarL\                                                                                                                                                                                                                                           
  6 = lower first molar\                                                                                                                                                                                                                                             
  U1 = upper first incisor\                                                                                                                                                                                                                                          
  L1 = lower first incisor\                                                                                                                                                                                                                                          
  U5 = upper second bicuspid                                                                                                                                                                                                                                         
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
